ABSTRACT -In spite of significant advancements in imaging technology, monitoring, and microsurgical techniques, complete and safe removal of tentorial meningiomas remains a challenge for most neurosurgeons. Classifications of tentorial meningiomas are revised. The combined supra/infratentorial approach to resects tentorial meningioma is discussed. This approach provides a wider exposure of the supra/infratentorial region with less brain retraction. With this approach the occipital lobe and the cerebellum are exposed along the tentorium. Two illustrative cases are presented. The patients were studied with computerized tomography, magnetic resonance and angiography. The anatomy of the transverse sinus and the confluence of the sinus could be appreciated with these studies. The operative technique is described stepwise. Emphasis is placed on pre-operative evaluation and surgical technique, leading to a total surgical removal of the lesion with margins of safety. The goal of surgical treatment of tentorial meningiomas is their complete and safe removal. With this unique approach we sought to confirm that it offers a safe means of resection not only the neoplasm but also the infiltrated dura.
The first report of a tentorial meningioma was in 1833 by Andraal, who discovered a lesion incidentally attached to the tentorium 1 . Tentorial meningiomas account for 2% to 3% of all intracranial men i n g i o m a s 2 -5 . In the Cushing and Eisenhard's series of 295 intracranal meningiomas, 11 tumors (3.7%) were attached to the tentorium 6 . Olivecrona 7 s e r i e s included 21 tentorial meningiomas representing 2.5% of all of their intracranial meningiomas. He found in his series 52% of these lesions above the tentorium and 48% below. The transverse sinus was invaded in 52% 7 . In a such way the first attempt to classify the tentorial meningioma was made by h i m . To discuss the surgical management of tentorial meningiomas appropriately, one must be based on their site of origin. With this finality many authors proposed different classifications of the posterior fossa meningiomas 1 , 8 , 9 . In the era pre computerized tomography (CT), the majority of the authors agreed that the tentorium was the most common site of the posterior fossa meningioma 10 . With the advent of CT in the early 1970s, numerous authors h a v e attempted to lend order to these lesions by assingning classification 9 , 1 1 -1 5
. According with Harrison and A l -M e f t y 1 6 we find the scheme proposed by Ya s a r g i l was the one of the most beneficial 15, 16 . The choice of operative approach depends mainly on the site of the lesion. The size of the lesion will dictate the size of the craniotomy. The majority of the purely tentorial tumors can be removed by the author proposed approach. The combined supra/infratentorial approach is a modified adaptation of the approach described by Ziyal et al. for pineal tumors 1 7 . In his publication he mentioned a successful removal of 4 tentorial meningioma, but differing from our approach, a more flap craniotomy and sinus ligation were used. The experience gained with the posterior fossa craniotomy stimulated the authors to perform a single flap craniotomy involving the supra/infratentorial compartments to remove tentorial meningiomas 1 8 . The proposed approach proves to be safe and easy to perform after appropriate training with the high power surgical drill and craniotomy. There is no need for two or more flap craniotomies or subocciptal craniectomies. T h e preoperative evaluation and the surgical approach itself will be described in detail.
PREOPERATIVE EVALUATION
In all patients with tentorial meningiomas, a contrastenhanced CT scan and a magnetic resonance (MRI) of the brain should be ordered. The CT scan in axial and coronal views should be carefully evaluated to see the relations of the lesion with the falx and tentorium. The CT images still provide superior bone detail and are invaluable where tumors invade bones. The MRI is more precise on revealing information about tumor localization, extension and its relations. Special attention should be given to where the tumor expands mostly into the two compartments. In fact with, MR and MR angiography (MRA) the size, dominance and collateralization of the transverse sinuses can be recognized. This factor is essential for this kind of approach. We should obtain all possible possible about the transverse sinus status. If infiltration is present, it should be quantified.
Cerebral angiography is sometimes necessary to obtain additional information about the arterial and venous system. Using the four-vessels angiography we are able to delineate the vascularity of the lesion and its relationship to the various arteries and veins in this area. The circulation supplying the tumor is carefully analyzed in order to plan both endovascular and surgical procedures. The vein of Galen, the internal cerebral veins and the basal vein of Rosenthal should be studied. As well as the superficial venous system, with the patency of the straight sinus, and the collateralization and enlargem e n t of the normally present sinus should also be analyzed. Preoperative embolization can be used since it is readily available through a very experienced neuroradiol o g i s t in the procedure. If the embolization is effective the surgical procedure become easier 8 . If the sitting position is planned to approach the tentorial meningiomas a complete evaluation of the cervical spine is mandatory. X-rays and MR of the cervical spine should be studied carefully to avoid complications with the positioning.
OPERATIVE TECHNIQUE
The patient is positioned in a sitting position, which is prefer by the senior author (JAL) to deal with lesions in the posterior fossa for more than fifteen years. With this position, the surgical field remains clean during the whole procedure. The venous pressure is very low and there is less venous bleeding. The main disadvantage of this position is the occurrence of air embolism which is rapidly and precisely diagnosed with the trans-esophageal D o p p l e r. The air can be aspirated from the right atrium with the central lines placed in the correct position preo p e r a t i v e l y.
After appropriate preparation and draping, a U-shaped or linear incision is made. The preference of the kind of the incision is dictated by the size of the tumor. Subsequently the skin flaps and muscle are retracted in a single layer. The craniotomy is performed in a single piece. The size of the craniotomy is also dictated by the size of the tumor. We place burr holes above and below the t r a n sverse sinus and in a majority of the times, the bone over the sinus is drilled away. For the superior and inferior c o mponents of the craniotomy the craniotome can be perfectly used after the dura is dissected from the bone (Fig  1) . After the craniotomy, the dura of the occipital lobe and the suboccipital compartment are exposed. The transverse sinus is placed between both compartments. The transverse sinus and its junction with the torcular Herophilli are exposed (Fig 2) .
The suboccipital dura is opened in a transverse triangular fashion just inferior to the transverse sinus. This type of opening facilitates the subsequently water-t i g h t closure. The cisterna magna is opened to permit the relaxation of the brain. Then, the occipital dura is opened in the same fashion, just superior to the transverse sinus and laterally to the superior sagittal sinus. If the ligation of the sinus is planned, a judicious investigation with MR, MRA and venous phase of angiography should be performed. If the sinus is already occluded with tumor, the sinus can be divided and removed. After the dura opening of the both compartments, the surgeon can appreciate the wide exposure of the tumor along the tentorium (Fig 3) . Using microsurgical techniques, the surgeon should start with the evacuation of the tumor c o ntent. Gentle traction was exerted on the capsule to separate it from the neighboring vasculonervous structures. In this maneuver, the surgeon must distinguish the vessels and the nerves that lie outside the tumor and have been displaced and stretched from those embedded in the tumor. In the first situation, the vessels and the nerves must be gently separated and protected with sponges. The small arteries that supply the tumor must be identified and not stretched, in order not to tear them at the base of insertion; they should be coagulated and sectioned flush with the tumor. Then the tumor can be radically removed. In cases in which the nerves and the vessels are embedded in the tumor, the use of higher m a gnification and a piecemeal technique removal around those structures should be applied. Often, in some cases when there is not a plan at all, it is wise to leave a t h i n layer of the tumor around the arteries and nerves. For t h ose kind of microsurgical dissection, a precise bipolar c o agulation technique is essential. Usually the tumor displaces the normal structures and after the debulking, no r etraction is really necessary. The use of the Cavitron ultrasonic surgical aspirator (CUSA) has proved to be useful. It is specially valuable to decompress a large tumor with soft consistency. After removal of the tumor, the infiltrated dura must be removed as much as possible. The tentorium is cut just lateral to the straight sinus and toward the tentorial notch. To our point of view with this approach, one can visualize the entire tentorium from above and below, facilitating extremely this dural removal. After the complete removal of the tumor and the tentorium, the occipital lobe and the cerebellum are easily visible (Fig 4) . Ilustrative cases are demonstrated in figures 5 and 6.
DISCUSSION
As with all meningiomas, tentorial tumors are more common in females in middle-to older age. Tentorial meningiomas are relativily rare lesions which present difficult diagnostic and surgical problems. Despite the fact that tumors in this location represent less than 3% of all meningiomas, their frequent involvement with dural venous sinuses, deep venous structures, plus the brainstem and the cranial nerves, they have led to interest far exceeding their rate of occurance 16 .
The choice for the appropriate surgical approach is based upon the site of origin of the lesion. This i s of paramount importance in determining the ease of resectability. By careful study of the preoperative diagnostic tests, the surgeon should form a m e ntal image of the location of the tumor and its relationship to major vascular and neural structures. . According with Harrison and Al-Mefty, we find the scheme proposed by Yasargil was the one of the most beneficial 1 5 , 1 6 . The schematic classification proposed by Yasargil is very useful. Under his classification, he called T1-T3 the lesions on the inner ring or lesions of the incisura -anterior, lateral a n d posterior. T4 and T8 are intermediate ring lesions with T8 tumors involving the falcotentorial junction. T5-T7 are lesions on the posterior ring, involving the torcular, transverse sinus, and transversesigmoid junction respectively 15 .
The approach presented by us is more indicated to deal with tumors type 4 and 6 according to this classification. Torcular meningiomas are often addressed separately from other tentorial meningiomas. Tumors of the torcular region require exposure of what has been referred to as all "four q u a d r a n t s " 6 . This includes visualization of the supe- rior sagittal sinus, torcular Herophilli, both transverse sinuses, and the occipital sinus proximal and d i stal to what is involved with tumor. Tumors that arise from the intermediate ring of the tentorium (T4), that do not involve the medial structures and that do not invade the dural venous sinuses are, theoret i c a l l y, the easiest ones to be managed with the proposed approach.
In the literature one can find that depending o n tumor extension supra-, infratentorially, or both, a occipital, suboccipital, or a combined approach m a y be used.
Where a tumor has only minimal extension into either the supra-or infratentorial compartiment, it can be resected via an approach solely on the side of the sinus with maximum tumor 1 6 . Originally t h a t the lateral and medial tumors with solely or mainly supratentorial development were approached from above. The approach from below was reserved for meningiomas with subtentorial involvement onl y. In meningiomas with both supra-and infratentorial growth, a supratentorial flap was combined with a subocciptal craniectomy 5 . With our approach there is no place for craniectomy. However a single bone flap of the two compartiments can be easily performed. We think that even for a single lesion occupying compartment a combined craniotomy can play an important role. Not only as a wide avenue to remove the tumor but also the infiltrated dura can be easily investigated and removed. I n our approach to tentorial meningioma the resect i o n of a part of the falx or the tentorium is relatively e a s y.
We think that, regardless the extension of the t u m o r, with our proposed approach the tumor and dural resection become easier. The goal to avoid recurrence is to remove the tumor and its implantat i o n 1 9 . If the tumor can be removed with a 2-cm margin of the tentorium peripheral to the tumor attachment, the so-called Grade 0 proposed by Kinjo et al. can be achieved 2 0 . If this kind of resection is done we diminish the risk of recurrence almost to zero.
